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TRUE AIRSPEED MM.81EEMINT BY IONIZATION-TMCER TECHNIQUE

By Bemrose Boyd, Robert G. Dorschj and George E. Brodie

Ion bundles produced in a pulse-excited corona discharge are wed
as tracers with a radar-like pulse transit-time measuring instrument in
order to provide a measurement of airspeed that is independent of all
variables except time snd distance. The resulting instruments,tion need
not project into the air stresm and, therefore> will not cause any inter-
ference in supersonic flow. The instrment was tested at Mach nmibers
ranging from 0.3 to 3.8. Use of the proper instrumentation and technique
results in accuracy of the order of 1 pert’ent.

●

3 &racer techniques have
resesrch. Vsxious types of

INTRODUCTION

had msmy applications in aerodynamics
tracers including sawdust, smoke particles, . –-

regims of heated afi, chemical.fumes, radioactive molecules, excited
molecules emitting a?ter~ow, and ionized molecules have been suggested .?*

or used, some quite successfd.ly particularly in the field of flow vis- , --
ual.ization. Ion bundles o?-groups of ionized molecules have been found
(references 1 to 3) to serve as suitable tracers in the air flow and may ‘
be used in conjunction with en accurate ti?dng device in order to pro-
vide a fundamental method of measuring airspeed. This method offers #

definite advantages especi~ in the region of high supersonic Mach
nuibers.

Sev=sl possible meth~s for producing the ionization me avaflable
including the use of alpha particles, high-speed electrons (either from
a resonant catity as suggested in reference 2, an electron gun, or a
radioactive.source), ultraviolet rays, X-rays, and VE@ous types of
electric dischsrge rsnging from a precorona dischsrge to a spark (refer-

.-

ences 1 to 3). Work at the NACA Lewis laboratory has indicated that a
corona discharge fran a needle point mounted in an insulating plug gives
better results with respect to the si@a.1 produced thsm a spsrk dischsrge
snd also Qrovides-an abundant supply of ions even when the needle point

-.

is essentially flush with the surface of the insulator. The selection
●

of ions as tracers ad the needle-pbint corona as ionizing agent permits
the instrumentation at both the ionizer and detector to be mounted flush

k
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so as to be outside the air stream, and also permits the use of ccmwen-
knt electronic circuits in both the ionizer supply shd the detector
amplifier. Three types of operation have ‘beenused corresponding to the
three types of signal modulaticm: frequency (reference 2), phase, and
pulse-time modulation (references 1 and 3). The selection of the yulse
type of operation allows the ionizer supply to be patterned after the
hi@-voltage pul.serof a radar transmitt= .md SX!-OWS the tmr to be
patterned after the timing circuit of a !radarrange unit, thereby pro-
vid@g an accurate direct measurement of pulse transit the for the’
determination of speed in terms of the fundamental units (time and
distance).

The progress that has been made at the Le@s laboratory in the
application of a tracer technique to the measurement of true airspeed iS
outlined herein and am instrument that uses ion bundles or groups of
electrically charged molecules for this purpose is.described. When
measurements between two identical detectors are used, it should be
possible to obtain velocity measurements with a high degree of accuracy
without inserting any probe tito the air stream or otherwise interfering
with the flow. !Cechniquesti circuits originating from radar practice
and other specialized fields of electronics (references 4 to 7) are com-
bined in this ins&rument in order to accomplish the specific purpose of “.
accurate airspeed measuremmt. ---

The Instrument has been tested in six different wind tunnels having

cross-section dimensions at the test section ranging from 3.4 inches to
2.0 feet, at Mach numbers ranging from 0.3 to 3.8, and at static pres-
sures from approximately atmospheric down to 0.25 inch of mercury>
under conditions of both moist and dry air with temperatures appropriate
to the given Mach nuuibersend pressures. !!&ansitpath lengths as short _
as 1/2 inch have been used.

GENERAL DJ?J3C!RIFTIONCl?EQUIH@WT AND METKOD OF O&R~I~

The electronic true airspeed indicator measures true airspeed by
ttig the passage of = ion bundle from = detector to =ot@ ~er a
lmown distance-. The instrument is made up of the following cmnponents:
an icm signal generator.consisting of a synchronizer, a high-voltage
pul.ser,smd an icnizer electrode; a signal receiver cmsistq of a . ‘ “~

detector and an amplifierj a -&n&; and an.oscilloscope indicator. A
block diagram (fig..1) shows the interconnections of the various units
in the system. All units operate from the 117-volt, single-phase,
60-cycle pdwer soiree. Photographs of.the instrwgentatiw applied to

-. .
--:

one of the wind tunnels SZ% presented in figure 2. Figure 3 shows cir- ~;
ctit wirtig diagrams of the instrment. , -:.
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The synchronizer [fig. 3(a)) generates two synchronized pulse sig- .
nals that trigger the driven sweep of the indicator oscmoscope and the
high-voltage pulser, respectively. The high-voltage pulser (fig. 3(b)) ‘s-
upplies a pulse (fig. 4) of 7 to 10 microseconds duration and approxi.-
matel.yM, 000 volts peak to the ionizer (fig. 5), which is a needle
mounted in an tiulat ing insert in the @d tunnel wall so that the “i
point is exposed without protruding into the air stream. The detectors
(figs. 5 and 6) are of the imduction pickup type also mounted flush in
the tid tunnel WSJ3.. Two or “more detectors may be mcnuitedin line

.-

downstresm from the ionizer.
.-

An ion bundle is formed in the air stream opposite the ionizer
during its period of pulse excitation and is carried downstream by the
air flow. A signal (fig. 7) is produced in the receiver by induction
when the ion bundle passes each detector. A pulse (fig. 8) slso appears
in the receiver simultaneously with the ionizer excitation by direct
induction from the ionizer. A ftied time delay is incorporated in the ,.
pulse channel frcm the synchronizer to the high-voltage pulser for the
Purpose of ~ow~g the Wect pulse to be viewed on the indicator within
the sweep range of the timer.

.
‘ The timer (fig. 3(d))‘is a variable time-delay circuit inserted

between the synchronizer and the indicator sweep. The t~er ~bles an
b operator to position the ia signal from any detector or the direct

signal from the ionizer under the indicator index. The crossever or
point of zero signal.smplitude (fig. 7) provides a measure~nt point that
can be accurately located. The difference between the readings “of a cal-
ibrated dial on the timer.for any two of these signals gives the transit
the between the corresponding positions.

“ _. ._L,=

.
-,<
.

.- --

DESCRIPTION OF COMPONENTS

Synchronizer. - Zn the synchronizer unit (fig. 3(a)), a phase-stit
master oscillator provides a signal to each of two channels. In each
channel the signal.is amplified, squared, and peaked to trigger a low--
power blocking oscillator.

..
One channel feeds an external s~chronizing

signal to the ttier unit, whereas the other drives a high-power block-
oscillator stage in order to produce the high-yoltage-output trigger
“pulse. This latter signal lags the exbernal synchronizing signal h
time phase, ‘md makes it possible to observe on the osc~oscope indica-

.

tor the pulse that travels to the “receiverprobe by “directinduction as .,—

well as the signs1 resulting from the passage of the tracer ions. Pulse -..

repetition frequencies of 400 and 800 cycles per second have been used.
...

.
High-voltage pulser. - The high-voltage pulser (fig. 3(b)) is a

commonly used radar pulser.circuit. A voltage-doubling rectifier, the
b amplifier tubes, and the output transfommr are connecied in series”to

●
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produce the high-voltage pulse. The high-voltage pulse transformer is a
special unit wound on the powdered-iron core of a television flyback
transformer. ~e.transformer is insulated with Teflon and polyethylene
tapes and has avoltagestep-up of about 1 to 4. The output pulse is
bidirectional with a damped oscillatory transient following the negati~e
half cycle (fig. 4). No attqt is made to obtati a unidirectional
pulse, as eq?erience has shown that &bidirectional pulse gives better
results. The effective width frmn the first positive hal.f-pawerpoint-’
to the trailing negative half-pawer _pointis 6 to 8 microseconds. The
voltage peaks are of the order of 15,000 volts. When operating-under
vsrious air pressures it is desirsble to control the output of the ion-
signal generator. This control maybe accoqlished either by a voltage
divider from ionizer to ground or by avsriable transformer in the h@h-
voltage supply.

, .—
.

—

.-

Ionizer. - The ionizer consists of an ionizer electrode and an
insulating plug or *ert (for example, see fig. 5)-.-.The“e”tictrodeis
a needle mounted in the plaatic insulator so that the point breaks the
surface but does not protrude apprecbbly. -Somewhat better results me
obtained.when the-”-needlepoint does project very slightly (less than

.-

0.01 in.) but even in supersonic flow this protrusion usudl.y places the ~ , ‘
needle-point with~ the subsonic part of the boundary layer. ~ the
ionizer is separately mowted end.the “voltagedoes not exceed the VOlt%e “.
necessary to produce the coronal type of discharge, a plug 1 tich in x“
dismeter provides adequate insulation except at very low air pressures.

..

Detector. - The detector (fig. 6) contains the pickup or sensitive - .;
element and the input tube, which is a type.9002, connected.as a cathode _
follower. ,The pickup consists of a shielded wire and insulator assembly . . ..
in a coaxlsl configuration endhg flush with the inner surface of the
wind tunnel wall; the end of the central conductor (No. 14 wire) is

.-
—

T

osed to serve as a pickup electrode. The pickup shield diameter is
; 4 inch and its len~h is 1/2 to 2 inches as requiredby the tunnel wsll “-” ““~
thickness. .-Theinput grid resistor is 1.5 megohms, which gives a low
time constant so that the voltage develope!..onthe .~put grid iS ??roI?o?- ~ ..:”
tio~l to the induced current rather than to-the induced char~ec ~’” -. ‘“’.._

For use with the interdetector metlml of meae~ment (using the
transit t~ and distance frmn one detector..toanother) ~ order to more “ ‘-
closely approximate the conditi~s of meas~ement at a Point> a ~Wl “ ““. ~~
detector has been constructed containing a-type 6J6 dua triode with two ~~
pickup electrodes mounted just 1/2 inch apart ti.t~ ‘ss% plug ~d.

—.

housing, thus providkg a transit distan%~tif O@.yl/Z~inch. .“; “’_

Receiver smplifier. - The receiver amplifier (fig. 3(c)) was orlg-
indly constructed as a videaanplifier with a wide pass b~d and high

. .

gain but tests shQwed that t~s =@ifier was more sensitive ‘h- ‘---’- .=
.. -.—

necessary and picked up en excessive smount of noise. The pass band was
reduced to about 800 kilocycles and the peri~o@etubes wer”eiecotie-cted

i““
..

1
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as triodes in order to handle lerge”rsignal amplitudes. The signal from
the detector is developed across a 39,000-ohm cathode resistor returned.
to a negative bias supply in order to extend the dynsmic operating range.
Two triodes (type 9002) are used in the input in a direct-coupled stagq+
with a high plate load and a low cathode-follower output load resistor.
Output to the indicator is taken through capacitive coupling from the
cathode of the finsl stage.

Indicator..- The tidicator used h the system is a commercial -.--
oscilloscope with provision for a driven (single) sweep with external
synchronization. Various types of indication and tndex5ng are possible
including circular sweep with radial deflection (J-scope presentation,
reference 1), Z-axis blanking or intensification,various forms of
electronically generated cursors or time markers, and so forth, but the
orthogonal.presentation and fixed mechanical index are entirely adequate
when used with a delayed and expsnded sweep (R-scope presentation).

Timer. - The timing circuit (fig. 3(d)) is a screen-coupledphan-
tastr~eference 4) used in con~unction with appropriate pulse-shaping
circuits. The pulse from the synchronizer triggers the phatastron t=- _
delay circuit. After a delay time determinedby the control setting, a
pulse is produced that triggers the driven sweep in the in@icator. Thus
the position of any signal with respect to the indicator index is deter-
minedly the phntastron control setting in conjunction with the indi-

—

cater centering control. The time interval between two signals maybe
obtained by setttig first one signsl then the other to the index
while holding t~ centering control ftied snd nottng the difference
between the delay times corresponding to the control-dial readings. Cal-
ibration of the control dial is accomplishedby means of an interval
ttier connected in such a mann~ that both the interval ttier and the
t~-delay unit can be started by the same applied pul.se,and the t~r “
is stoppedby the output pulse from the delay unit. Calibration curves
on sll ranges show very good ltiearity and negligible change over periods -
as long as several months:

BASIS FOR EMPIRICAL DEVELOPMENT Cl?INSTRUMENT

lh spite of a large volume of literature on the genersl subject of
electric discharges in gases (for example, reference 8), no theory was
found that adequately covered the production of ion bundles in a movtig
air stream by a pulsed discharge. Reference 3 contains a theoretical
treatment of the signal induced on a pickup electrode by a moving charge

—

which satisfactorily accounts for the shape of the received signel. The
current induced in’the input circuit (derived in reference 3 and appen-

...

dix A) may be expressed as



.-

6 NACA RM E52C31

.

where q. .isthe ionic charge, E2 is the magnitude of the “fieldthat____ ~4..z--
would ap~ear at the location of @e ion bunae with.an ags~~ arb$tr~ a-

potential VI on the pickup electrode sm.dwith the ionic.ch.mge absent~ —
aad @ is the angle between the field ~2 “M the velocity =. .+

Because very little waa khowh about the form of the ionized region

produced by a pulsed discharge or its exact location in the air stresm~_
the development of .aninstrument for using ion bundles in a tracer
method of measurement has therefore proceeded on en empirical basis. --~.

$--

Description of signals received. - TWO types of received signals ._
have been observed.. Both are ‘bidirectional-d shaped approximately a~’”
would be predicted from the cuiv%nt”.equationpresented Previously. One
type of received signal which is herein designated type I is ftist
ne~tive-gohg then positive. (Polarities are given with reference-to””
the’input probe. Because there “isan odd nuuiberof phase reversals in
the amplifier, a negative polarity at the amplifier input shows as an
upward deflection on the.oscilloscope.) ~e.other type of received sig-
nal, type II; is first positive-going then ‘negative,and is displaced ~th
respect to the position of the type I signal, the displacement varying
with the static pressure-of the.tunnel atmosphere from 90° advance to
almost zero (fig. 9]. With either t~eof signal the crossover or poti$
.ofzero signel is taken as the measurement point thw making the measure-
ments independent of smplitude fluctuatio~s. Little is known about.what
causes the appearance of type I and type 11 signals except that they are
evidently produced by regions having net ion c&rges of opposite sign.

Under the usual conditions of operation, it.was found that not.
every discharge produced anion bundle.of sufficient.strength to operate
the detector. The proportion of strikes to misses depended on the

..
.-

.-
. --..-

e:
.*

,.-:-

—.-J

-.

-.

—
voltage qry.1c~rent in tQe discharge and on static pressure .-.

in the air stresm.
.... ..-

The proportion in which the strikes were divided “ ‘“:”:”: ~’:
between type I and type 11 stgnsls also depended on thetunnel air pres=
sure snd apparently ah the discharge voltage and Vurrent (fig. 10). .

Experim=tal observations. - In order to understand the operation
of the instrument and to evsluate the in.terdetectormethod it has been
necessary to consider some’data taken with a single detector using the.
time snd distance measured frcm the ionizer to the detector and slso to
consider both type”s.of signals., Alargenunber of i@ividus3. determ~~~
tions of airspeed have been made sad Comparedj in,each case, with the
value derived from the best available”pressuiereadings, which us~dly
consisted.of total pressure.and temperature.g.easuredin the tunnel
entrance (bell.mouthor plen~) and static pressure from wall orifi.cek -
located near the electronic pickup.

.—
..—

-—- -——.. .
—.—--,-

231the tests where the static pressure was varied, it was found that _ r
when the ionizervoltage and cur~nt were adjugted to give the corona . ... .

—
m
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type of discharge the type I signsl was”found to be predominant over most
of the pressure range and gave reliable results. b one test the shape :-
of the type I signsl did vary with pressure as shown in figure U. but
this chsage did not affect the crossever point md therefore.the accuracy -
of measur~nt was maintained. This change was apparently not an effect ,
of PressUe tine for two reasons: It was not present in tests in other ‘ ..2
tunnels at higher Mach ntiers when the static pressure was as low or

-.

hwer; snd, at least under some conditions, the signal shape could be : :-~
rectified by adjusting the ionizer voltage. Velocities determined from
type II si-s with a single detector~ on the other hknd, underwent a
regdsr shift corresponding to the displacement of the crossover with

—

static pressure. Figure 12 shows the results of a series of measurements
..,.=

us@ a single detector. h this figure (and elsewhere in this report)
the ordinate c is the percentage difference between the velocity
meaaured by the electronic instrument snd the velocity determined from
pressure resilhgs (see appendix B) . At extremely low pressures, both
types of signsl were attenuated. With the present instrument, the limit
Of ussble sigml was between 0.65 and 0.25 tich of metiur-ycorresmond~

..

to a pressure altitude between 85,000 and 105,O(M feet. -

El figure 13 the quagtity E is shown as a tiction
distance D using d&a obtained with a single detector.
error varying with D is indicated. The single-detector
operation apparently does not give useful accuracy except
a rather lsrge transit distance is used and either type I
are used or the static pressure does not vsry.

of the transit
A systematic J
method of
possibly when “
signsls only

Yhe use of unsaturated moist air instead of dry air had no effect
on the accuracy of velocity measurement. With saturated air the”presence -.
of condensation introduced scme uncertainty in the comparison of the ..>.

velocities with those obtained from pressure readings.
ionization was greater h moist ah thau in dry air.

RE81’%LTS(IF’JIITERDETECTORMEASUREMENTS

The intensity of

Either the pressure dependence of the type II .si.@s or the sys -

‘ tematic error of the single-detectormeasurements would preclude the
development of a fundameritslinstrument. Fortunately both of these

-.

effects seem to be eliminated by using two detectors aud the interdetector ..
transit ttie ad distance. Data obtained by the in.terdetectormethod
exhibit a rsndom scatter of the values representing individual readings.
Figure 14 shows the distribution of vsl.uesof c for individual inter- “ _
detector readings. A systematic error of one or two percent is indica-
ted. This error is apparently indep@dent of trsnsit distance.

None of the exper~ntsl tests provided sny mesns for determining
how much of the difference e should be assigned to the electronic
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instrument and hoy much to the pressure readings. IY the nonconstant —

type of systematic error is, in fact, eliminated by using the titer-
detectcm method and if the remaining systematic error b the interdetector -
readings csn be assigned to the pressure tnstrunientation, as appears

—

reasonable frm considerationspresented in appenti B, then the elec- -.

tronic instrument can be regarded as a fundamentsl instrument when two
detectmw are employed.

;
There is reason to believe that the random error could be reduced P

by using electronic meam for automatic indexing or for aut~tic aver-
s&@” @ ~~od of av==.@$, of course, reduces this error h pro-
portion to the nuuiberof readings over which the averaging extends. h
figure 15, averagek of electronic interdetector velocity reaikbgs are
compared with corresponding averages of velocities obtained from pres-
sure readings. Averages are taken over 50 miles per hour intervals end
each point represents from 6 to 22 individual readings for the type I
signals end from 4 to 14 readings for the type II signals. The line
dram in this fi~e has the theoretically correct 450 slope. It csn be
seen that the ~ement of the data is excelll.ent. —

.
DETERMINATION OF EFFECTIVE APPROACH DISTANCE

h any application of the velocity indicator it would be desirable 4.
to know the effective approach distance of the ion bundle, that is, the
distance between the detector electrode and the nearest point on the tra-

—

Jectory of the effective center of chsrge. In particular, it is desirable
to know how this distance-cmpares with the boundary-layer thickness in
my given situation. A possible answer to this question may result frcm
a consideration of the current equation (see appendix

il =

The exact nature of

pickup electrode snd its
the qusutity
location with

fi2 depends on

respect to any

A)

—
.,.

.—

the shepe of the

grounded conductors.
As a first ~proximation, the electrode could be ass&ed to be a Doint. m
and located fsr from smy grounded conductors. U this case, the ~ield”

would be radial with a megnitude E . ~, where K is a constant deter-
,r2

mining the magnitude of the field at unit distance”and r is the radial
distance from the detector to the ion bundle. A more general condition
would be to consider that the actual.field in a smell element of space in
the region of interest around point 2 (point location of ion bundle)
could be approximated by a radial field following an inverse power rela-

.

Ktire, or E2 = —. ~ a coordinate system (fig. 16) is chosen with origin
+ 4‘“
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.
at the pickup electrode,

then cos e = ~ snd the. 1

snd X-SiiS pSZtid tO

approach distance (the

9

.

the ion bundle trajectory

perpendicular distance

between ion bundle trajectory and pickup electrode) d = ~~. Wh&
these relations sre substituted in the expression for the ‘inducedcurrent

dil
The current peaks will occur when — = 0, that is, when

d
dx

-= tan 13= * @, or, because x = %,
x

where ~ is the m&sured time interval between the crossover (zero

current) point and the peak of the induced current wave form.

h this derivation a point location was aasumed for both the ion.
bundle and the pickup electrode, Data are presented in reference 3
showing that with wide electrodes the peak-to-peak signal width (which,

+ assuming symmetry, is equal to 2tl) is a function of electrode width.
E asymmetry of the field should cause the current crossover not to
coincide with the point of nesrest approach of the ion buidle, an
error would be introduced h the determination of d. @ any practical
situation this effect probably would not %e large and, moreover, even a
lnmwledge of the order of magnttude of d would be of some vslue.

A curvature of the field due to nearby grounded conductors would
also cause an error through its effect on the directional factor cos e.
Ih order to evaluate this error, another hypothetical cape is considered.
Ih this case, the electrode has a flat end of negligible dimensions-and
the field consists of circular arcs as shown h figure 17. Again the

magnitude in the region of interest is approximated by E2 = -&J but now

c05e=~=~
R’

where R

passq tqough point 2*

is the radius of the circular line ~f force
d

By elementsxy geometry ~ = ~ or
%.2
C?AU

—. With the use of this value, the
d2 + X2

..

current
()

il=y x n+2 aud the current maximum occurs when
.

(d2 + X2)T

b
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d.~xxl=v+v-t~
, —

.

Thus a correction.for the departure of the field from a radial.direction
based on the rather extreme assmption of cticul.a arcs has the effecti
of increasing the index by one but leaving the form of the relation
between d snd xl otherwise the ssme.

Neither of the hypothetical.cases studied can completely represent
the actual physicsl situation, but each yields a simple relation for the .*

Qapproach distance d either of which may be expected to give at least
the right order of magnitude provided the assumptions regarding geometry
and syfmnetryare satisfied.

Among the data already taken at the Iewis Mboratory, only two cases
include measurements on both the crossover.md peak. I?orthe purpose of
calculation it was,assumed that the field 1s radial and n = 2 in these
two cases, then d= 0.70 irfch(3.4-in. tunnelat Mach nuriierof 1.5) and
d T= 1.03 inches (1-ft tunnel at a Mach nurber of 3.2). If n= 1, the

--

values of d would be decreased by 30 pert-efltor if n = 3 the values
would be increased by 22 percent. In the first of these test situations ,-
the boundary-layer thickness was probably less than 0.70 inch and the
electronic velocity reading was very close to the free-stream value. In
the second situation the boundary-layer thickness was probably greater
than 1.03 inches and the electronic velocity reading was about 30 percent

●

low. These results are not Inconsistent ~th an interpretationrepresen-
thg ion-tracer formation outside the boundary layer in the first case

—

and within the boundary layer In the second case.

MISCELLANEOUS TESTS AND APPLICATIONS

During tests in the 2- by 20-inch tunnel at low subsonic velocities
a signal could be obtained with the detector removed from its mounting
and merely held A@iinst the outside of the.l/2-inch thick plastic wsll
of the test section. Also the signsl continued when the detector was
moved along the.wall as far as 30 inches downstream from the ionizer.
Such a procedure seems to offer possibilities as a method of flw” tracing. J

The nature of the pulse system used does not give a continuous indi-
cation of air speed.but rather a series of tnstsntaneous samples, each
representing an average speed over a portion.of a streamline. The
unsteadiness of the signal in the Mrecti&i of the time axis, which iS

—

mentioned in connection with the randmn error h ~pendix B maybe
observed by eye,”or photographically, or measuxed by noting the timer
disl readhgs at the limits of fluctuation.. Insofsr as this effect is .

a result of large scale turbulence, such measurements should give so& “- ~,
hformation about the longitudhal compone~t of the turbulence. An . . .*



NACA RM E52C31 IL

.

automatic system using the two-detector method coupled fnto a start-stop
timer circuit could be constructed for recording either instsnt~eous.
ssmples or running averages of consecutive values.

Zu addi.tion to the prhary qplication, that is, to provide measure-
ment without introducing shock waves in supersonic flow, flush imstru-
mentatim may be advantageous in situations where it is desirable to
reduce the dreg caused by conventional sensing devices or theti supports~
where instrumentation is adversely affected by high temperatures or
erosion, or where its presence may cause increased ice accumulation.
Other suggested uses include the possibility of metering the flow of
dielectric liquids, missi.lespeed thing, and so forth.

CONCLUDINGREMARKS ,

A consideration of the a~lication of tracer techniques to the
measurement of airspeed has led to evaluation of the types of tracer
materials, the methods of producing the tracers, and the methods of sys-
tem operation that yield satisfactory results. An empirical process of
development has resulted in an instrument which operates by modulating
the state of ionization of the air flow and electronic timing between
two shilar detectors and gives airspeed directly in terms of time and
distance independently of ambient conditions of temperature, pressure,
or humidity.

A comparison of the readings of this instrtimentwith airspeed
values calculated from pressure readings shows a systematic difference
of 1 or 2 percent. E’, as seems to be indicated although not proven,
this difference represents an error in the pressure readings, the
remaining error of the electronic instrument can be made as small as
desired by averaging a number of consecutive readings.

A theoretically derived and, as yet, untested method for deter-
mining expe?ylmenttiy the effective approach di.stsnceor location of the
tracer path is presented.

Possible applications to flow tracing and t~bulence measurement
are discussed.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio,

b
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APPENDIX“A
. . ... . .—.

THEORY W INDUCTION-PICKUPWA~CRM
—

Green’s’reciprocationtheorsm in electrostatics (reference 9)
-.

states that if Vl, V2, . . . Vn are the potentials produced on ele-

ments of conducting surfaces (or on the separate conductors of a sys-
tem)l, z,... n by a distribution of charges Q, Q2, . . . & and g
if a different distribution of chsrges Q1’, %’, . . . %’ on the ssme

system of conductors produces potentials V t1)V2’S ● * ●vnl) then
~ vn~’ = ~ ‘Vn’~~ .
n n

.—

In apply5ng this to the velocity-indicator situation, conductor 1
is the pickup electrode and conductor 2 is assumed to-be a conductor of
infinitesimal.dimensions located at the positim of the center of ~he “ion”
bundle. The assumed charge sml potentisl distributions are: (1) The _ ...1
ionic charge is not present, that is Q2 = 0, but an arbitrary potential-‘

V1 (which maybe a unit potential) is applied to conductor 1, produc~g .aA
on it q charge Q1 = ql aud a field E2

.—
~d potential V

f
at pOtit 2j

(2) conductor 2 csrries,the ionic charge (assumed constant and conduc-
tor 1 is grounded so that ~’ = q, VI’ a 0, QII = ql’ ~unknown) u t

V2 ‘

that
equqls the potential at point 2 corres~cmdhg to the field ~1 at
point which results from the g~ven ch&ge distribution.

t

Then by Green’s theorem:

ql’vl + C13T2= o

In this equation q and V1 are constant-and V2

given position of point 2 but beccmes a function of
moves. In accordance with Shockley (reference10),
a conductor connecttig condu@or 1 to ground is

,- . -. -.

.,--

-.

is constant for any

time when point 2
the current through

.

.—

Because V2 is a function of the co~dinates of point .2
●

{dVp
., ---

?w~Av ~v~ Ix+ ~v2 dz

,)

.

Tz=’v’”z’
the current may be written

\dt CIX dt dy dt
●.

—
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or

where ;
6 is the

is the positim vector of point 2 with respeet to point 1 end
angle between the field and velocity vectors.

●

b
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APPENDIX B

.

ANALYSIS Cl? ERRORS
.

Experimental observations together with an analysis of the error
equation

,=~-(v+v)x loo
V+v

where D = transit distsnce (measuredby electronic instrument)

T = transit time (measuredby electronic instrument)

v= true airspeed (measured by pressm-e instruments)

d, t, v = errors in foregoing quantities, respectively

indicate th’atthree types of error cover all.of the most probable
sources: (1] A constant error in transit t- or distsace produces a -
systematic component of c which is a hyperbolic function of D, (2) A
constant error h the pressure-deter@.nedvelocity produces a systematic
component of 6 which is independent of D,-”and (3) A rapid fluctua-
tion of the signal image on the tidicator, which may at least in part be
due to turbulence in the air stresm, requires a visual averagtig which
together with other reading errors produces q r=dqm cqonent of ~.”

‘ The curves drawn through the single-detector.datapotits ti fig- ,
ure 13 represent the hyperbolic functions (e - 0.4) D = 21.6 end
(~ - 0.4) D= -32.5. ,
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(a) Genmal view.
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Figure7. - TxPiod wave form d voltage pulse induoed h
deteotorby ~asage d ion bundle (ion s-l).

F@re 8. - Wave form of voltage pulse reoeivedby direot Hucticm.
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(a)Type II crossoverlaadEthatoftyje~Iby approximately90°.

(b) Type II crosso~erleade that of type.Xby approxhately 450,

Figure 9. - Wave rorm of ion siwsls reoeived by de%eo~or.
Oneroles,onetypeI strike, and one type 11 strike.
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(a) Approxhately four misses, three t~ I strikes,and one t~ ~ strike.

.

(b)Approximatelyfourmisses,fivetypeI strikes,andonet~ ~ strike.
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I’igure10. - Wave fozm of received signals.
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(a) Statlo pressure,20.7 inohesmercury.

NACA RM E52C31

.
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(b) Statio pressure,13.6 tihesmeroury.

Figure 11. - Wave form of single type I &eceived~ulge.
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(c) St.stiopressure, 11.3 Inohesmercury.

(d) Static pressure,8.1 tiohes memury.

Figure U. - Concluded. Wave form & single t~ I rewlti pulse.
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Figure 13. - Comparisons of velocityas functionof transit
distsnceusingsingledetectormetlmd.
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Figure 17. - Circulararc field E and applicablegecdnetryfor calculatingapproach
distance d. .
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